.
Regional climates have a strong influence on the timing of migration and hibernation of bats. For example, little brown myotis (Myotis lucifugus) hibernate for up to 8 months in northern regions but may hibernate for shorter periods at southern latitudes (Davis and Hitchcock 1965; Fenton and Barclay 1980) . Shorter hibernation periods at southern latitudes can be partly attributed to an earlier timing of spring emergence from hibernation, which occurs in early April for little brown myotis in the northeastern United States, and approximately 2 weeks later in central Manitoba (Norquay and Willis 2014) . The timing of spring emergence in these areas is believed to coincide with the onset of average temperatures more conducive to fetal development and the availability of flying insects needed to support the nutritional costs of reproduction. Similarly, the timing of autumn migration coincides with mating near and within winter hibernacula. While spring migration of bats to their summer ranges occurs quickly, with records of bats migrating distances > 100 km over 3 nights, autumn migration to hibernacula does not resemble the simple cave-to-nursery pattern observed during spring (Davis and Hitchcock 1965; Humphrey and Cope 1976) . Instead, autumn migration has been estimated to occur over several months, with bats dispersing and visiting numerous hibernacula or temporary roosts to engage in swarming behaviors that may include the assessment of hibernacula conditions (Cope and Humphrey 1977) .
The environmental conditions suitable for hibernation vary among species. For example, big brown bats (Eptesicus fuscus) have been documented overwintering in a variety of above-and belowground habitats and are capable of tolerating some of the coldest hibernacula temperatures among North American bat species (Goehring 1972; Whitaker and Gummer 1992; Butchkoski 2004; Neubaum et al. 2006) . Additionally, some populations of big brown bats are known to forgo migration and hibernate in their summer roosts (Whitaker and Gummer 1992) . This resident winter strategy cannot be attributed solely to the large size of big brown bats, as eastern small-footed myotis (Myotis leibii), one of the smallest species in North America, are also suspected to have nonmigratory populations that roost in ground-level rock crevices year-round (Turner et al. 2011; Moosman et al. 2015) . Both big brown bats and eastern smallfooted myotis are hypothesized to spend much of the winter aboveground because they are the last species to arrive at hibernacula in autumn, the first to leave in the spring, and less commonly found in cave hibernacula than other bat species (Turner et al. 2011) . In Colorado and Alberta, big brown bats and western small-footed myotis (Myotis ciliolabrum) are known to use rock crevices outside of caves as winter roosts, adding support to this hypothesis (Lausen and Barclay 2006; Neubaum et al. 2006) .
Other bats, including many Myotis species, rely more heavily on underground hibernacula such as caves and mines that are warmer and less variable than aboveground temperatures in order to overwinter in relatively cold regions of North America (Kurta and Smith 2014). As a result of regional differences in climate and geology, these winter habitats are not evenly distributed across North America (Weary and Doctor 2014) , and many species undergo regional or long-distance migrations between summer and winter habitats (Fleming and Eby 2003) . While migration is an important ecological and evolutionary strategy, migration is energetically expensive and may place individuals at higher risk of mortality and disease (Alexander 1998; Altizer et al. 2011) . Consequently, several bat species exhibit a partial migratory strategy, with some individuals in a population making seasonal migrations and others overwintering in their summer range (Fleming and Eby 2003; Falxa 2007) .
Nearly all of our knowledge on the nature and timing of migration and hibernation among North American bats comes from populations in the eastern and southwestern United States. Little is known about the seasonal habits of bats in the Rocky Mountain region, where winter records of bats are rare. Indeed, the paucity of known hibernacula in some western regions is striking. In Montana, for example, bat census data revealed that only 3 of the state's 42 known hibernacula contained > 40 bats and none contained > 1,600 bats, indicating that summer residents overwinter in unknown locations (Hendricks 2012) . Known hibernacula throughout the rest of the Rocky Mountain region are equally scarce, with records of several hundred hibernating or swarming bats at a site considered notable (Schowalter 1980; Navo et al. 2002) . There is no evidence that these populations undergo long-distance or regional migrations to underground hibernacula, which suggests that bat populations in these regions have different strategies for winter survival. Thus, there is a need for further studies to better understand how populations in areas without known hibernacula survive in seasonal environments (Lausen and Barclay 2006; Neubaum et al. 2006) .
The purpose of our study was to better describe the timing of spring and autumn migration for the bat community inhabiting the northern range of Yellowstone National Park (Yellowstone) and to determine whether any bat species overwinter within the park. Caves are scarce in Yellowstone, and temperatures between September and April are typically unfavorable for both bats and their insect prey (Keinath 2005) . We hypothesized that autumn migration or entrance into hibernation would coincide with decreasing temperatures and the availability of insect prey in late August, while spring migration or emergence would occur during late May. Further, given the paucity of known hibernacula and the roosting tendencies of species within the Greater Yellowstone Area, we hypothesized that some bats overwinter within Yellowstone and could be detected throughout the winter.
Materials and Methods
Study areas.-Yellowstone encompasses approximately 898,000 ha within the states of Wyoming, Montana, and Idaho. Our study was conducted on 42,300 ha in the Gardner and Yellowstone River drainages on Yellowstone's northern range (Fig. 1) . The study area is comprised of a mixture of grassland and forest, with elevations ranging from 1,568 to 3,116 m a.s.l.
At higher elevations, forests are comprised of lodgepole pine (Pinus contorta), Engelmann spruce (Picea engelmannii), and subalpine fir (Abies lasiocarpa), with Douglas fir (Pseudotsuga menziesii), and Rocky Mountain juniper (Juniperus scopulorum) found at lower elevations. Upland nonforested habitat is dominated by mountain big sagebrush (Artemisia tridentata) and bunchgrasses. The National Oceanic and Atmospheric Administration maintains a weather station within the study area, located at an elevation of 1,899 m, which we used to describe local climate normals as well as conditions during our 4-year study (Arguez et al. 2012) . These data describe a climate characterized by severe winters and a brief growing season, with average minimum temperatures above freezing occurring only during the months of May through September (Fig. 2) .
Autumn radiotelemetry.-All methods were approved by the National Park Service's Institutional Animal Care and Use Committee (NPS IACUC 2011-42) and follow the American Society of Mammalogist's guidelines for use of wild animals in research (Sikes et al. 2011) . We captured bats in polyester mist-nets (Avinet, Inc., Dryden, New York) placed over rivers and small ponds at elevations of 1,980-2,000 m. We also opportunistically captured bats day-roosting in a building in the Fishing Bridge developed area, south of our study area, at an elevation of 2,367 m. Captured bats were aged as adult or juvenile by examining epiphyseal-diaphyseal fusions of long bones in the wing (Brunet-Rossinni and Wilkinson 2009). To determine if any species overwinter in the study area, we fitted adult bats of 5 species with radiotransmitters weighing between 0.35 and 0.52 g (model LB-2 and LB2-N, Holohil Systems, Ltd., Carp, Ontario, Canada) placed between the shoulder blades using ostomy adhesive (Perma-Type, Plainville, Connecticut). Transmitter mass averaged 4.5% ± 0.3 (SE) of the body mass of radiotagged bats. To test our hypothesis that big brown bats and western small-footed myotis are the only winter residents in the area, we radiotagged both species in addition to little brown myotis, western long-eared myotis (Myotis evotis), and silverhaired bats (Lasionycteris noctivagans), which we considered more likely to migrate out of the area. In 2010, we concentrated , 1980-2010. telemetry efforts from mid-August through mid-September, but failure to document bats leaving the study area led us to shift efforts to late September through late October in 2011.
Radiotagged bats were tracked by driving roads and hiking trails daily until transmitters had fallen off or expired. In addition to ground-based efforts, a small aircraft was used on 4 days in 2010 to search for radiotagged bats that could not be located from the ground. For every roost located, we recorded the type of roost being used (rock, tree, building, etc.), the geographic location using a handheld GPS unit, and the elevation using ArcMap 10 (Esri, Redlands, California). When landscape features such as cliffs or ravines prevented us from safely following radiotagged bats to their roost, we triangulated roost locations from the top or base of cliffs where we believed bats were roosting. We recorded the daily roosting location of each radiotagged bat and monitored bat activity at night when we suspected a bat may have shed its transmitter. The last day each radiotagged bat was active within the study area is reported and was determined as either the day a transmitter was shed (no movement for consecutive days or nights) or the day a transmitter expired (weakened or absent signals after the expected battery life). To describe the autumn movements of each species, we recorded the maximum distance between day-roosts used on consecutive days, as well as the maximum distance observed between any roost and the capture location.
Insect sampling.-We sampled insect abundance in different habitats and along an elevational gradient on 40 nights from mid-June through early October 2011-2012 (June: n = 7; July: n = 13; August: n = 12; September: n = 7; October: n = 1). Insects were sampled using 10-W black-light traps (Bioquip Products, Rancho Dominguez, California). Traps were suspended 2.5 m aboveground and deployed from sunset to sunrise. A dichlorvos-based "pest strip" (~ 2 × 6 cm) was placed within each black-light trap to subdue specimens. On each of the 40 nights of sampling, we placed traps in 1 of 2 groups of habitats: a group consisting of geothermal areas, riparian corridors through grasslands, and riparian corridors through coniferous forests and a group consisting of forest stands at 2 relative slope positions: low and mid-slopes. High-slope positions were not sampled within our study area due to logistical constraints. Two sites of each habitat or slope position were sampled on each of the 40 nights. Insects were identified to the ordinal level using keys (Triplehorn and Johnson 2005) and reference collections at the University of Kentucky. To evaluate our hypothesis that autumn migration of bats coincides with decreasing availability of flying insects in late August, we plotted the mean number of insects captured per trap-night for each habitat at half-month intervals to determine when insect availability declined.
Winter acoustic monitoring.-We supplemented our radiotelemetry efforts with acoustic sampling during the winters of 2011-2014 after radiotelemetry revealed that more species than we predicted remained in the study area after the onset of winter conditions. Detectors were deployed in the field by 1 November and operated continuously until 30 April to test our hypothesis regarding the timing of spring migration or emergence. Bat echolocation calls were passively monitored at 15 sites with Song Meter SM2BAT sound recorders fitted with ultrasonic microphones (Wildlife Acoustics, Maynard, Massachusetts) placed approximately 1.4 m above the ground. Detector microphones were attached to 1-m cables and extended away from vegetative cover to maximize the quality of recordings. We placed detectors along the top of prominent cliff-lines, near small bodies of water (including some mist-netting sites), and near active geothermal areas. These areas were selected based on autumn roost locations, high capture success, and the warm winter microclimates surrounding thermal areas. Detectors were powered by 12-V external batteries that were continually recharged by solar panels. We programmed recorders to operate between sunset and sunrise, and we downloaded data approximately every 2 weeks. Bat activity was recorded in full spectrum and stored on compact flash cards.
We processed bat calls using the SonoBat call analysis software (version 3.1, WY west region, SonoBat, Arcata, California), with the preference settings set to the default values. Call sequences identified by SonoBat were placed into broader species groups to reduce the probability of misidentification, common in studies that rely solely on automated identification of bat calls (Russo and Voigt 2016) . Species groups were defined by the minimum frequency of echolocation calls diagnostic of the species in that group: Yuma (Myotis yumanensis) + California myotis (M. californicus; 45 kHz); little brown + western small-footed + long-legged myotis (Myotis volans; 35-40 kHz); western long-eared + fringed myotis (M. thysanodes; 20-30 kHz); and big brown + silver-haired bat (25 kHz- Szewczak et al. 2011) . Calls identified as Townsend's big-eared bats (Corynorhinus townsendii) by SonoBat's autoclassifier were accepted because this species produces calls that are more easily distinguished by the autoclassifier from other species in our study area. Call sequences that could not be identified by SonoBat were categorized as either high-or low-frequency calls. Call sequences attributed to hoary bats (Lasiurus cinereus) were placed in the low-frequency category after review of these calls by 1 of the authors (GAF) revealed consistent misidentifications. To evaluate the hypothesis that bats remained in Yellowstone throughout the winter, we report the number of call sequences recorded per month for each species and frequency group. We also investigated whether the number of bat calls recorded each night was correlated with temperature. For each night, bats were recorded, the total number of calls was paired with a temperature corresponding to the average of temperatures collected during the hours bats were active. Data from all 15 sites were pooled and the middle of winter (November-February) and the end of winter-early spring (March and April) were analyzed separately to determine if trends were different during the hibernation and spring migratory periods.
results
Radiotelemetry.-We captured 112 bats during mist-netting surveys occurring between August-September 2010 and September-October 2011. The majority of bats were captured in August (66%, n = 82); no bat was captured in October (Table 1) . Little brown myotis were captured more frequently than any other species (Table 1) . We also captured 9 little brown myotis by hand inside a maternity roost located in a building south of the study area at 2,367 m a.s.l. on 14 September 2010, including 1 nonvolant juvenile male (forearm = 31.0 mm) and 6 larger juveniles ( X forearm = 38.0 mm ± 0.2). We estimated > 100 juvenile and adult bats in the roost, which appeared to be an active maternity colony.
We radiotagged 10 adult bats in 2010 and 11 in 2011 (Table 2 ; Fig. 3 ). Radiotagged bats included 3 female and 4 male little brown myotis, 2 female and 3 male western long-eared myotis, 2 female and 2 male big brown bats, 2 female and 2 male silverhaired bats, and 1 male western small-footed myotis. All of the radiotagged bats in 2010 were tracked to roosts within the study area until transmitters fell off or expired (X = 17.1 days ± 2.4; Fig. 3 ). In 2011, when radiotagging began in late September, we were unable to locate 3 radiotagged bats and had variable success tracking the other 8 individuals (X = 16.6 days ± 4.6; Fig. 3 ). With the exception of the 3 bats never relocated in 2011, we successfully located bats on 104 of 171 (61%) bat-days (1 bat-day = 1 bat with an active transmitter on 1 day) in 2010 and 72 of 133 (54%) bat-days in 2011.
Little brown myotis were located roosting in ground-level rock crevices, rock walls, and buildings. These bats travelled an average of 2.5 km between consecutive roosts, most often roosting in prominent rock walls such as Cathedral Rock and Sheepeater Canyon ( Fig. 4; Table 3 ). All little brown myotis radiotagged in 2010 were tracked until transmitters were shed or expired (n = 3). Two of these bats, a male and a female, were always located roosting within 3 km of the capture site. The third, a female, remained within 1 km of the capture site for 6 days before we were unable to locate her without use of a plane. Afterwards, we located her by plane 20 km southwest of the capture site, at an elevation of 2,930 m. This female stayed within 1 km of the area for 2 days before the transmitter expired. We were unable to locate 2 of 4 little brown myotis radiotagged in 2011, although 1 radiotagged female was tracked until 31 October. Nineteen days after being radiotagged, this female moved 80 m downslope to the town of Mammoth, Wyoming, where she roosted in several buildings throughout the second half of October. This female was still switching roosts during the final week of October, when daily low temperatures averaged −5°C (Fig. 3) .
Western long-eared and western small-footed myotis were located exclusively in ground-level rock crevices in rock fields along mountain slopes or at the base of canyon walls (Fig. 4) . Western long-eared myotis travelled an average of 2.1 km between consecutive roosts (Table 3 ). All western long-eared myotis radiotagged in 2010 were tracked until transmitters were shed or expired (n = 3; Fig. 3) . Two of these bats, a male and a female, were located by plane after dispersing from the area surrounding the capture site 9-10 days after being radiotagged. These bats were located in different areas, 11 km northwest and 19 km south of the capture site, at elevations of 2,250 and 2,335 m, respectively. The bat moving 11 km to the northwest was relocated in the same general area (movements < 3 km) over an additional 10 days, while the second was never relocated. In 2011, western long-eared myotis were only located for 2-3 days after being radiotagged and were never located after 29 September (Fig. 3) . The 1 radiotagged western smallfooted myotis was always located within 2.5 km of the capture site and was located until 13 October, when the transmitter likely expired ( Fig. 3 ; Table 3 ). We did not calculate movement distances for this bat because it often roosted on scree slopes that could not be traversed safely, making it unclear when the bat switched roosts (Fig. 4) .
Big brown bats roosted in ground-level rock crevices and rock walls. All radiotagged big brown bats were tracked for > 3 weeks (Fig. 3) and typically roosted along the slopes of Mount Everts within 3 km of the capture site (Fig. 4) . One male was tracked > 16 km from the capture site in early September 2010, but later returned to roosts within 4 km of the capture site. Silver-haired bats only roosted in trees. Although 1 male radiotagged in late September 2011 could never be found, the remaining 3 silver-haired bats were tracked for ≥ 12 days and were located within 4.2 km of the capture site. Radiotagged big brown bats and silver-haired bats were active until 26 and 20 October, respectively. Insect sampling.-We collected 23,188 insects between midJune and early October 2011-2012. Lepidoptera (n = 10,746; 46%) and Diptera (n = 8,946; 39%) composed the majority of captured insects, followed by Trichoptera (n = 1331; 6%), Plecoptera (n = 924; 4%), and Coleoptera (n = 456; 2%). Despite ranking fourth in total abundance, plecopterans were captured infrequently, with 99% of this order captured on a single evening. Insect abundance in all habitats peaked in late July or early August (Fig. 5A ). Dipterans exhibited a sharp decline in early August whereas Lepidopteran abundance was similar in late July and early August (Fig. 5B) .
Acoustic monitoring.-We recorded 8,979 bat call sequences between 1 November and 30 April of 2012-2014 (Table 3) . Of these sequences, 1,595 (18%) were identified to species, 6,505 (72%) were identified as high-frequency calls, and 879 (10%) were identified as low-frequency calls. Bat passes were recorded during all months, but no passes were identified to species during January (n = 44) or February (n = 303), when recorded activity was at its minimum. Bat activity increased between March (n = 620) and April (n = 7417). Daily minimum temperatures averaged below 0°C throughout the entire sampling period, with minimum temperatures as low as −23°C. The number of bat calls recorded was moderately correlated with hourly temperature for both the middle (r = −0.31; n = 108) and end (r = 0.34; n = 132) of winter. The correlation was negative during the middle of winter and positive during the end of winter-early spring.
discussion
We found the timing of autumn and spring migration of bats in Yellowstone did not coincide with patterns in temperature or insect availability, and that bats were active despite seemingly unfavorable conditions throughout winter. Although 1 little brown myotis and 2 western long-eared myotis traveled 12-20 km, the majority of bats radiotagged from August to October remained within 3 km of their capture site despite declining temperatures and insect availability. These findings suggest many bats are winter residents in Yellowstone, despite the rarity of known cave hibernacula. Late-season activity of little brown myotis was surprising given the scarcity of cave hibernacula, and it remains unclear where hibernation in these bats occurs. Conversely, based on observations elsewhere, rock slopes and cliff-lines likely serve as winter habitat for western small-footed myotis and big brown bats (Lausen and Barclay 2006; Neubaum et al. 2006) . The timing of spring emergence from hibernation and migration was also surprising, as it did not coincide with the arrival of energetically favorable temperatures. Instead, bats emerged in April, while winter conditions persisted in the study area.
Spring emergence from hibernation for most species occurs from April through May in the eastern United States and is immediately followed by migration to summer nursery colonies by females (Davis and Hitchcock 1965; Brenner 1968; Humphrey and Cope 1976; Lacki et al. 1994) . Areas farther north, with colder climates, report later spring emergence, in line with the arrival of spring conditions (Norquay and Willis 2014) . In central Vermont, where Davis and Hitchcock (1965) documented daily numbers of little brown myotis at Aeolus Cave, normal daily low temperatures reported by the National Oceanic and Atmospheric Administration exceed 0°C by mid-April, around the time females begin to emerge. Although normal daily low temperatures in Yellowstone do not exceed 0°C until early May, we observed an increase in acoustic bat activity beginning in March and rapidly increasing in April, when temperatures were routinely below freezing and rarely > 10°C. Although the number of bat calls detected during April and May were positively correlated with temperature, only 12% of the variation in bat calls could be accounted for by temperature (r 2 = 0.12) during this time. Warmer temperatures are more energetically favorable for pregnant females and also facilitate higher activity of insect prey (Taylor 1963; Racey and Swift 1981) , providing a clear benefit for bats to synchronize their emergence from hibernation with the arrival of warming spring temperatures. Although we did not sample insects until early June, availability of insects during April and May was expected to be very low because of cold temperatures, given that the average number of insects captured remained < 10 per night until late June. Thus, different selective pressures may be involved in April emergence of bats from hibernation in Yellowstone given that much of our study area is still covered with snow, and prey abundance is low. One possible explanation is that Yellowstone's short growing season places constraints on the timing of emergence given the time associated with gestation and parturition in hibernating bats. North American hibernators copulate throughout autumn and winter, but ovulation and fertilization do not occur until after emergence (Cockrum 1955) . Typical lengths of gestation and lactation periods for the species in our study area indicate that a female emerging in May would leave juveniles with approximately 1 month post-nursing before the return of freezing temperatures in September, with any use of torpor potentially delaying juvenile development even further (Cockrum 1955; Racey and Swift 1981) . In comparison, young-of-the-year in eastern populations have approximately 3 months to prepare for winter (Kunz et al. 1998) . The length of time juveniles have to prepare for hibernation is thought to be an important determinant of juvenile survival during their 1st winter, and it has been hypothesized that earlier parturition increases juvenile survival. This hypothesis is supported by the observation that females often leave hibernacula before males in spring (Davis and Hitchcock 1965; Norquay and Willis 2014) and may account for April activity in Yellowstone. Early emergence from hibernation can incur high energetic costs associated with maintaining high body temperatures during periods of cold weather, although many bats offset this energy loss through the use of torpor (McAllan and Geiser 2014) . If bats emerging early from hibernation in Yellowstone rely on deep torpor on a daily basis following emergence, the resulting delay in fetal development could negate the potential for early parturition. Additional research on the spring habits of bats in Yellowstone is needed to better understand the timing of spring activity observed in this study, and the implications of this behavior for reproduction in these species.
Hibernating bats accumulate fat reserves necessary to survive winter during autumn. In the northeastern United States, adult little brown myotis reach their greatest body condition after late August, and juveniles in late September, with hibernation beginning in mid-October (Kunz et al. 1998) . We observed adult and juvenile weights in August that are similar to those reported for the eastern United States (Kunz et al. 1998) , but caught few bats during September, likely because of decreasing temperatures and reduced insect activity. Decreasing temperatures and prey availability during September represents a challenge for juvenile bats, which need to gain mass required for overwinter survival. This challenge may be even greater at higher elevations, as illustrated by our observation of nonvolant juvenile little brown myotis at a higher elevation (2,367 m) outside the study area during mid-September. While not quantified, all juvenile bats inspected from the site appeared younger than juveniles at lower elevations, based upon the degree of ossification of their finger joints (Brunet-Rossinni and Wilkinson 2009). The delay in juvenile development at higher elevation may result from increased use of torpor by females in response to cold temperatures, or later onset of warm temperatures and a corresponding shortage in insect abundance in early summer (Speakman 2008; Johnson and Lacki 2014) . It remains unclear if later development at higher elevations reduces juvenile survival, but roosts in buildings such as the one we visited may be critical for successful reproduction in these cold regions, as buildings typically reach higher temperatures than other roost types and reproductive females rely less on torpor to offset costs of reproduction and thermoregulation (Johnson and Lacki 2014) .
Previous bat surveys in Yellowstone concluded that autumn migration likely occurs in August given declining September temperatures and the limited availability of caves in the region (Keinath 2005) . In similar climates in Manitoba, hibernation begins in early September, with few bats active during October (Norquay and Willis 2014) . Similarly, activity of big brown bats and Myotis species outside a hibernaculum in Alberta, Canada, ceased in mid-October, likely representing when the last bats entered hibernation (Reimer et al. 2014 ). Thus, activity of radiotagged little brown myotis, western small-footed myotis, big brown bats, and silver-haired bats throughout October suggests at least some individuals of these species overwinter in Yellowstone and do not undergo a long-distance autumn migration. Wilder and colleagues (2015) found that western populations of little brown myotis are more genetically isolated than populations in the east, possibly due to a lack of long-distance migrations and wandering among swarming sites, consistent with our results. Although there are a few caves in the study area, there are no records of swarming behavior, and few records of bats in these caves outside of Townsend's big-eared bats (Martinez 1999) . It is, therefore, unlikely that caves in Yellowstone are used by the species we monitored. We hypothesize that bats hibernate in scree or rock crevices in cliff-line habitats. This is supported by roosting behavior of big brown bats and western small-footed myotis in other regions where caves are also scarce (Lausen and Barclay 2006; Neubaum et al. 2006) , though research is needed to confirm this behavior in little brown myotis and silver-haired bats.
The species group most frequently identified from acoustic recordings was the little brown + western small-footed + long-legged myotis group. All 3 of these species were captured during mist-netting efforts and are all possible sources of winter echolocation calls, although acoustic detections of little brown myotis during winter are rare and may reflect different winter behaviors in this species (Lausen and Barclay 2006) .
Myotis species were the likely source of the majority of unidentifiable calls recorded during winter, as they were classified as high frequency (≥ 35 kHz; Table 3 ) and non-Myotis species present in Yellowstone have lower minimum echolocation frequencies (Szewczak et al. 2011) . Unidentified calls attributed to low-frequency species likely came from big brown, silver-haired, or Townsend's big-eared bats, which all echolocate at lower frequencies than the Myotis species in our study area (Szewczak et al. 2011) . Winter activity of big brown bats and some Myotis species, such as the western small-footed myotis, is a common occurrence in some localities in western North America (Lausen and Barclay 2006; Schwab and Mabee 2014) , but less is known about winter activity of silver-haired bats (McGuire et al. 2012 ). While it is unclear what percent of low-frequency bat calls came from silver-haired bats, telemetry observations of this species throughout October suggest that silver-haired bats overwinter in the Park along with Myotis species and big brown bats.
This study provides several insights into the migratory and winter activity of bats in Yellowstone and surrounding Rocky Mountains. To date, the majority of studies investigating the timing of these behaviors among North American bats have come from populations in the east, with winter ecologies centered on underground hibernacula. Our study adds to increasing evidence that many populations of bats in western North America likely hibernate outside of caves (Lausen and Barclay 2006; Neubaum et al. 2006) , and that bats in Yellowstone emerge from hibernation at a similar time of year as eastern populations despite the colder climate. Conversely, autumn migration for many species in Yellowstone differs markedly from eastern populations because Yellowstone bats remain on their summer range past the onset of winter conditions. In eastern North America, the timing of migration and hibernation is likely linked to the timing of seasonal events that influence successful reproduction and overwinter survival. Bat populations in Yellowstone, however, live in an environment with a shorter growing season and a scarcity of underground hibernacula and, thus, appear to have different migration and hibernation strategies. Understanding behaviors bats use to overcome these challenges can advance conservation efforts that target declining bat species, especially in protected reserves such as Yellowstone National Park.
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